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TI EBACK _TYPES BY PRESSURE

Summary of tieback types and applicable soil types.

Diameter(inches) Grout ,
. . shatt Bell Gravity Pressure Suitable Soils Load Transfer
Method Type - Type Concrete (psi) (1) for Anchorage Mechanism
1. LOW PRESSURE
Straight shaft 12-2¢° | ma a " Very stiff to hard | Priction
Friction (30 - clays
(Solid stem auger) 60cm) Dense cohesive sands
Straight Shaft 6-~-18" RA WA 30 -~ 150 | Very stiff to har Priction
Friction (15 = (200 -~ clays
(Bollow stem auger) 45cm) . 1035 Dense cohesive sands
(12-14" kN/m2) Loose to dense sands
most
common )
Underreamned Single 12-18* 30-42" A NA Very stiff to hard Friction
Bell at Bottom (30 - (75 - cohesive soils and bearing| -
45¢cm) -105cm)| Dense cohesive sands
. ) Soft rock
Underreamed Multi- 4-8" 8-24" A 1.\ Very stiff to hard Priction
Bell (10- (20~ cohesive soils and bearing
20cm) 60cm) Dense cohesive sands
Soft rock
2. HIGH PRESSURE-
SMALL DIAMETER
Non-regroutable (2) 3-8* WA KA 150 Bard clays Friction or
(7.5 = (103S | Sands . friction
20cm) kN/m2) Sand gravel form- and
ations bearing in
Glacial till eor permeable
hardpan soils
Regroutable (3) - 3-8" NA NA 200-500 Same as for non- Friction
(7.5 = (1380 - regroutable anchors and bearing
20cm) 3450 plus:
kN/m2) | a) stiff to very
stiff clay
b) varied and
difficult soils

(1) Gout pressures are typical

(2) Friction from conpacted zone having |ocked in stress.
Mass penetration of grout in highly pervious sand/gravel forns
"bul b anchor".

(3) Local penetration of grout will form bulbs which act in bear-
ing or increase effective anchor dianeter.

A - applicable
NA - not applicable
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ANCHOR CAPACITY FORMULAS - LARGE DI AVETER

Large diameter anchors can be either straight shafted, single-belled,
or multi-belled. These anchors are nost conmonly used in stiff to hard
cohesive soils that are capable of remaining open when unsupported:
however, hollow flight augers can be used to install straight-shafted
anchors in | ess conpetent soils.

The methods used to estimate the ultimate pullout capacity of |arge
di aneter anchors are largely based on the observed performance of
anchors and are, therefore, enpirical in nature. The follow ng
equations can be used to estimte anchor |oad capacity; fieldtesting
of anchors is required to determ ne true anchor capacity.

a. Straight-shafted Anchor

//

di aneter of anchor shaft
|l ength of anchor shaft

L

\\\\7’ds si undrai ned shear strength of
< soi |
* Reduction factor ins, due to
di sturbance, etc. « = 0.3 - 0.5
~(a) (Hanna, 1973a; Brons, 1968: Lit-
Friction Anchor tl ejohn, 1970a; Neely and Mon-

tague- Jones, 1974).

e~ b. Belled Anchor
Py = xS d Lg + 7/4(D% - A 2)N.S,

(Littlejohn, 1970a)

dg' g sgnd . eare as before
di aneter of anchor bel

D
N, = bearing capacity factor = 9

3"
Bel | ed Anchor
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c. Multi-belled Anchor

Py= «Sydglg + M/4(D? = dg2)NGSy + BSyDLy
wher e:

dg, Ls, S, «,N,, D are as before
Lz length of underreamed portion of anchor
B= reduction factor in S, for soil between underreamtips
= 0.75 - 1.0 (Littlejohn, 1970a; Bassett, 1970;
Neel y and Mont ague-Jones, 1974)

In order for failure to occur between the underreamtips, the tips
must be spaced at 1.5 - 2.0 tines the belled dianeter with the bell
diameter equal to 2.0 to 3.0 tines the shaft dianeter.

C
Mul ti - bel(l )ed Anchor
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REDUCTION FACTORS FOR

Y

Usual N
0.8 Range \
Avcrage
0.6 \
\ L -
0.4 MTower TN
Limit 2~
of Known Values
Range of < and
0.2 Su values generally
recommended for 7
fachors in clay.
0.0

From Peck, Hasnson & Thor nburn

NOTE: 1 tsf = 95.8 kN nf

;

s, (tsf)

(1974)

2 3

Reduction factor in S, from observed capacity of friction piles.
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CHOR _CAPACITY FORMULAS = SMALL DI TER

Smal | dianeter anchors are generally installed in granular soilswth
grouting taking place under high pressure (usually greater than 150
psi (1035 kN nf). The anchor capacity will depend upon the soil type,
grouting pressure, anchor length, and anchor diameter. The way in
whi ch these factors conmbine to determ ne anchor loads is not clear
therefore, the load predicting techniques are often quite crude. The
theoretical relationships in conbination with the enpirical data can
be used to estinmate ultimate anchor |oad.

a. Theoretical Relationships

1. No grout penetration in anchor zones

T pjndgLgtan ¢

wher e
d, = dianmeter of anchor shaft
Lg = length of anchor shaft
9e = effective friction angle between
soil and grout
P; = grout pressure

OF pn, = Lnjtan  Pe (Littlejohn, 1970a)

a) wher e:

(
Friction Anchor
(No G out Penetration) n; = 8.7 - 11.1 k/ft (127 - 162 kNm

2. Grout penetration in anchor zone (very pervious Soils)

P, = AGWDLgtange + BOygeng®/4 (D? - dg?)

(Littlejohn, 1970a)

//

wher e:

dy, D Ls, and ¢ are as before

Oy= average vertical effective stress at
anchor entire anchor |ength

(b)
Bulb Anchor Oy@end vertical effective stress at
H véen =
(Grout Penetration) anchor end closest to wall
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A = (Contact pressure at anchor soil interface)/(effective
vertical stress, o)

Littl ejohn reports typical values of A ranging between 1 and 2
B = bearing capacity factor simlar to N, but smaller in magnitude.
A valueof B = N/(l.3 - 1.4) is recommended provided .2 25D
where h is the depth to anchor.

Since the values of D, A and B are difficult to predict, Littlejohn
(197Ca) al so suggests:

P, = Lgnytan ¢,

wher e:
n, = 26 - 40 kips/ft or (380 - 580 kN'm
Lo = 3 - 12 ft or (0.9 - 37m
D =15 - 24 inches or (400 - 610 m
depth to anchor = 40 - 50 ft or (12.2 - 15.1 m
Enpirical Relationshi

The figure on the followi ng page presents an enpirical plot of the
| oad capacity of anchors founded in cohesionless soils. This figure
was devel opedby Ostermayer (1974) and represents the range of anchor
capacities that may develop in soils of varying densities and
gradi ati ons.
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ANCHOR CAPACI TI ES

IN COHESI ONLESS SO LS

1 k/ift = 14.6 kN'm

.400 v
s"
Y \
.g\"’ 4Very Dense
320 g'\‘ Y Gravel .
7 N C =5.33
u
Dense
240 AN Deezxe
/& 3
Med, Dense
o lDense ~v—v—v—o—Medium to
) ° o ~o—t—eeCoarse Sand
/ e s Dense e e q.0, .
o/ . t—eteetid. (with gravel)
160 Ll C =3.4-4.!
¥ o\¢) ) u
%.o ed. Dense
A oye O.Q of o
.c ed,
ense
80 : 7, Fine to
| UL/ Mo
< - L Sand
Cy=l.6
: 3.1
0 a
5 10 15 20 25 30
Length of Anchor, Ft.
Not e: 1 ft = 0.305 m D aneter of Anchor 4" - 6"
1in = 2.54 cm Depth of Overburden =z 13'

Load capacity of anchors in cohesionless soils showing effects of

relative density, gradation,

uniformty and anchor | ength.
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ANCHOR CAPACI TY FORMULA - ROCK

Most rock anchors are straight-shafted friction anchors of 4 inches
to 6 inches in diameter. In the past it has been assuned that the |oad
is transmtted uniformy along the grout-rock interface, and nost
anchor design has been based upon this assunption. Littlejohn (1975)
reports the results of studies performed by several authors that
indicate that this assunption may not be valid. However, in the
absence of nore detailed information the establishedmethods should
still be used. The designer should be aware of the potential problens

of local debonding. Rgid field testing should establish anchor
adequacy.

The equation used to estinate anchor capacity is:
Py = #dgLglgkin
wher e:

d; = dianeter of anchor shaft
L= length of anchor shaft
s ki 9rout-rock bond strength

The values of skin frictiondgyjn, for various rock types are
sunmmari zed in the table on the follow ng page.

In soft rock, it is also possible to formbelled or nulti-underreanmed
anchors. The equations governing the ultimate |loads in these rocks

are given in previous equations. In these cases, the cohesive strength
of the rock becones the controlling quantity.
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BOND STRFSS VAIUFES FOR ROCK TYPES

Typi cal values of bond stress for selected rock types.

Rock Type
(Sound, Non-Decayed)

Utimte Bond Stresses Between
Rock and Anchor Plug (Ogxin)

Ganite & Basalt 250 - 800 psi
Li mestone (conpetent) 300 - 400 psi
Dol om tic Limestone 200 - 300 psi
Soft Li mestone 150 - 220 psi
Slates and Hard Shal es 120 - 200 psi
Sof t Shal es 30 - 120 psi
Sandst ones 120 - 250 psi
Chal k (variable properties) 30 - 150 psi
Marl (stiff, friable, fissured) 25 - 36 psi

1 psi = 6.90 kN nf

NOTE: It is not generally recomnmended that design bond stresses
exceed 200 psi even in the nost conpetent rocks.

Data is sunmary of results presented in:
1. Inland-Ryerson (1974 - ACI Ad Hoc Committee)
2. Littlejohn (1970)
3. Littlejohn (1970)
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A gravel packed anchor is used on cohesive soils primarily to increase
the value of the undrained shear strength coefficent, . The origina

anchor hole is filled with angular gravel. A small closed-end casing
Is then driven into the hole displacing the gravel into the
surrounding clay. Gout is then injected as the casing is wthdrawn.

The grout penetrates the gravel and increases the effective anchor
dianmeter. The irregular surface also inproves the strength along the
grout-soil interface.

Littlejohn (1970a) proposes that the follow ng equation be used for
determning the ultimate |load of a gravel packed anchor. There are
terms for both frictional resistance and end bearing. A substantia

increase in the value of the undrained shear strength coefficient is
recommended, and the anchor dianeter is |arger.

Py = xS ADLg + #/4(D? - dg2)N_S,
wher e:

d,, D Lg, S, are as before and N. = 9
a =0.6 - 0.75 = undrained shear strength coefficent

//

Angul ar gravel m xed
with clay and grout
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